Introduction
Amniotic fluid cells have been widely used in prenatal diagnosis. Three classes of cells can be identified morphologically in primary cultures of amniotic fluids from fetuses with no neural tube defect (NTD): epithelioid (E), fibroblastoid (F) and amniotic fluid (AF). In amniotic fluids from fetuses with NTD, in addition to these cells, neuroblastoid (N) and glial cells (G) are observed; by morphology alone glial cells have been grouped as G-E due to the difficulty of differentiating them from other epithelioid cells [16] .
The importance of the cell type that is being analyzed was first stressed by GERBIE et al. [4] who found different cytological and biochemical characteristics of epithelioid and fibroblastoid cells. The different characteristics of amniotic fluid cells have suggested different origins: for F cells connective tissue of either placenta or fetal skin, and for AF cells trophoblast [10, 11, 18, 19] . The origin of E cells has been ascribed either to fetal urine [21] , amnion [17] or respiratory and intestinal epithelia [2] , and for N and G cells either neuronal or glial fetal cells [16] .
Recently, several papers have been published regarding the synthesis of human chorionic gonadotropin (hCG) by AF cells and not by F cells [10, 11, 18, 19] . These studies have been performed on amniotic fluid samples from fetuses with no NTD and mainly in subcultures. Little attention has been paid to E cells, in part due to the difficulty of tripsinizing these cells.
The aim of the work reported here was to further characterize hormone release by primary cultures of amniotic fluid cells from normal and anencephalic fetuses, in order to investigate their origin and their possible use as cell models for hormone studies.
Material and methods
Amniotic fluid cells were cultured by the in situ technique and were obtained by amniocentesis due to Rhesus isoimmunization (4), anencephalic fetuses (2) and cytogenetic prenatal diagnosis (2) . The number of cultures that were set up depended on the amount of amniotic fluid sent to the laboratory, which varied from 8ml from Rhesus isoimmunization to 60 ml from an anencephalic fetus. (In tables II and III, cultures from the same amniotic fluid are represented as a, b, ... f.) In all the amniotic fluids samples the karyotype was obtained by Q and G banding within 21 days of initiating the culture. Primary cultures were continued trying to obtain confluency and the morphology of cells was established by phase contrast microscopy. Cells from male fetuses were preferentially used in this study so there would be not doubt of their fetal origin.
The medium in which the cells had been cultured (post-culture) was collected before ending the culture. In two amniotic fluids (one from a normal fetus and one from an anencephalic) all the postculture media were collected during the culture, starting with the first half medium change at the seventh day, and in the cells from the anencephalic fetus even after subculture. The post-culture media (approximately 3 ml) were centrifuged at 1000 RPM for ten minutes and their supernatant stored at -20 °C until hormone assays were performed. Two controls were used: the pre-culture medium (Ham F 12 + penicillin/streptomycin + glutamine 4-sodium bicarbonate + 30% fetal calf serum) and the supernatant of all the original amniotic fluids.
Due to the technical difficulties inherent in the procedures of cell enumeration, we decided to quantitate the hormone in the cultures per weight of cell protein. The cells were removed with a rubber policeman and transferred to a plastic conical tube. The cells were centrifuged and washed five times with 10 ml of Phosphate Buffer Solution (PBS) 0.01 M, pH 7.2, until a O. D. reading of 0 at 280 nm in the supernatant was obtained. This indicated that the protein of the culture media had been eliminated and only the cellular protein would be assayed. The cell pellet was finally resuspended in 1 ml of PBS. Cell lysis was achieved by performing 10 times the freeze-thaw method (-70 °C to 37 °C); the suspension was centrifuged at 3000 RPM for 10 minutes and the supernatant was analyzed by the Lowry method for quantitating cell protein [13] with a sensitivity of 0.005 -0.2 ng/ml.
The supernatants of the original fluids and of the pre-culture and post-culture media were coded and hCG, hCS, P, PRL and E 3 were assayed in blind trials using the double antibody method and kits from Amersham laboratories. All assays were performed in duplicate; the interassay and intraassay variabilities were less than 10%. The minimal sensitivities of the assays were; hCG 4 mIU/ml; hCS 0.6 g/ml; prolactin 2.0 ng/ml; progesterone 0.1 ng/ml, and free estriol 2.7 ng/ml. The results were calculated from linear curves of logit B/Bo versus log concentrations of hormone per tube. Values below minimal sensitivity were extra-polated from the linear curve.
Results
The results are summarized in tables I, II and III according to gestational age at the time of amniocentesis, reason for amniocentesis, total days in culture, days in culture before the media was collected, cell type by morphology, cellular protein, and hormone values. Unfortunately some cell protein values were below the minimal sensitivity of the assay so we could not express the hormone values per ng of cell protein.
The presence of hCG was confirmed in the postculture media of primary cultures of amniotic fluids from fetuses with no external malforma- There was no release of hCS during long-term culture; hCS was found in very small quantitities (0 -1.1 μg/ml) in the original amniotic fluids and no considerable increase was found during culture. E 3 was present only in the supernatant of the original amniotic fluids and was lower in the anencephalic fetus of 31 weeks than in the normal fetuses of similar gestational age.
PRL and Ρ were present in the supernatant of the original amniotic fluids and in the first medium changes, most probably due to contamination of the culture media with the original amniotic fluid.
In amniotic fluid No. 1, from a normal fetus (table  II) , PRL and Ρ suddenly appeared at 21 days of culture and disappeared at 33 days in culture. These samples were assayed twice confirming the results. This phenomenon was not observed in the amniotic fluid from the anencephalic fetus and further study is needed to determine in which proportion of amniotic fluids it would be present. It is interesting that when the results were decoded, an association with tetraploidy in several colonies of the harvested cultured cells was found. Unfortunately the follow-up of the pregnancy was difficulted by the delivery at 27 weeks of gestation of a stillborn male fetus. The fetus was macerated Cell type but no obvious external malformations were detected; necropsy reported hyperplasia of the pancreatic islets of Langerhans, hemosiderosis of liver and spleen and alveolar hemorrhage. The death was attributed to the Rhesus isoimmunization which was so severe that two in utero transfusions were necessary.
Discussion
The heterogeneity in amniotic fluid cell morphology and their hormone release in culture was confirmed. Our results were similar to those of PRIEST et al [19] and LAUNDON et al [10] , which show great variability from one amniotic fluid to another, but more consistency within duplicate cultures. There seems to be no correlation between the cell protein values and hCG release of the cell per ml, so the cell type present in culture must be critical. GERBIE et al [4] found that protein concentrations were much higher in fibroblast-like cultures, this is probably due to multilayering [16] .
AF cells, although capable of synthesizing hCG [11] , did not release hCS in long-term culture. hCS is synthesized by the syncytial layer [15] and loss of hCS production has been described before in long-term cultures of trophoblast cells [24] . The present study can not prove hormone synthesis and it could be argued that hCG and hCS could be released by living or dying cells, however hCG and hCS release is distinct from other hormones. hCS is not stored in secretory granules [7] and morphological and biochemical evidence in studies in vivo and in vitro suggest that the plasma membrane plays a major role in hCG secretion [8] .
Hormone release or storage in amniotic fluid cells has not been studied.
In addition, there seems to be a gradient of hCG biosynthetic capability ranging from low in cytotrophoblast to high in differentiated syncytiotrophoblast [8] . KURMAN et al. [9] suggested that during multinucleate intermediate trophoblastic cell formation there is a shift in hormone synthesis from hCS to hCG. At this respect, it is interesting to note that in AF cultures. PRIEST et al [19] found that the number of nuclei per microscope field, the percent of nuclei in multinucleated cells, and hCG levels in post-culture medium rise with time in culture. The demonstration of a recognized trophoblast-specific product (hCG) in the postculture media indicates only that there are cells of trophoblast lineage present but cannot indicate which ones they are. It is generally agreed that human cytotrophoblast does not possess any significant hormonal secretory activity so dependence on such hormonal markers may therefore be expected to lead to a significant number of cytotrophoblast cells in culture remaining unrecognized [12] . To our knowledge, it is the first time that postculture media from primary cultures and one subculture of amniotic fluid cells from anencephalic fetuses have been analyzed for the presence of hormones. We found that hCG was released into the culture media confirming previous observations [16] that cells with appearance of AF cells and trophoblastic characteristics observed by cinemicrography, were present in amniotic fluid cultures from anencephalic fetuses.
The absence of PRL and P in the post-culture media, appearance and disappearance in both duplicate cultures of one amniotic fluid was interesting. Although PRL is synthesized by decidua and not by chorion or amnion [3] , amnion light cells seem to selectively localize PRL [14] . The most probable origin of the prolactin in the post-culture media, due to the coexistence of tetraploidy, is amnion. However, the presence of decidual cells cannot be excluded.
Tetraploidy is relatively frequent in amniotic fluid cell cultures and has not received clinical importance [17] but recent reports of diploid/tetraploid mosaics [20, 23] render uncertain the interpretation of tetraploidy in amniotic fluid cell cultures. The presence of PRL might be useful, suggesting that the tetraploid cells originate from fetal membranes and not necessarily reflect the fetal karyotype. The presence of PRL in post-culture media would be of particular interest in the cultures of chorionic villi where maternal cell contamination by decidua is suspected [1] .
Regarding P, there is a previous report [18] that AF cells secrete P into the nutrient medium; however, we found it in considerable amounts (74-140 ng/ml) in the original amniotic fluid supernatants and not in the post-culture media with the exception of the already mentioned amniotic fluid
No. 1 from a normal fetus. Fetal membranes like amnion, chorion and decidua are capable of producing P in a dose response relationship adding pregnenolone and in the case of amnion the area studied can affect the results [5] . Pregnenolone is not present in amniotic fluid cultures, so another source for P biosynthesis is cholesterol and in the absence of lipoprotein in the culture medium, the only source of cholesterol is the one previously stored within the cells or de novo cholesterol synthesis [22] . Therefore, the release of P and PRL to the post-culture media from amniotic fluid cells of amniotic fluid No. 1 cultures is most probably due to the presence of cells from fetal membranes.
LAUNDON et al [11] have proved that AF cells synthesize hCG, but more specific experiments with labeled aminoacids and immunocytochemistry will have to be performed regarding hCS, P and PRL production. Nevertheless, amniotic fluid cells cultured for prenatal diagnosis could extend their use in hormone studies, which are complicated by the absence of non-primate experimental models and ethical as well as functional limitations of in vivo studies. In vitro studies are more practical, despite the eternal debate of the extent to which these studies reflect the biosynthetic and regulatory pathways that occur in the normal placenta in vivo [8] . Of the in vitro studies, monolayer cultures provide certain advantages over organ cultures: replicate plates of dispersed cells provide less variation in cell number than fragmented tissue and thus give less variation in experimental results; organ cultures cannot be maintained as long as monolayers since tissue fragments tend to become necrotic due to inadequate difussion of nutrients, gases and metabolic products [6] .
Amniotic fluid cell cultures used in prenatal diagnosis would give the following further advantages: no need for elaborate methods to culture cells from placenta; second trimester methods to culture cells from placenta; second trimester cells in contrast to the most frequently available and used third trimester cells; duplicate or triplicate cultures which can be used after karyotyping has been done and the possibility of cell cloning.
Abstract
Amniotic fluid cells have been widely used in prenatal diagnosis; however, there is great heterogeneity of the cells and their origin. In this study we analyze the karyotype and release of human chorionic gonadotropin (hCG), human chorionic somatomammotropin (hCS), free estriol (E 3), prolactin (PRL) and progesterone (P) of amniotic fluid cells from primary cultures of six normal and two anencephalic fetuses. In all the amniotic fluid samples there was release of hCG; in one amniotic fluid, in which several tetraploid colonies were found, PRL and P were also released. 
